Introduction
Statistical process monitoring (SPM) is used in industry to detect and diagnose abnormal behavior of processes. A popular method used in SPM is principal component analysis (PCA). A fault is detectected when one of the fault detection indices is beyond its control limit. A fault diagnosis method is used to identify the cause of the fault. Several methods, that involve the contribution of a variable to the fault detection index, have been proposed. Questions about contribution approaches
• Which method is better for a given index?
• Is correct diagnosis guaranteed with a given method for a given index?
This work will • provide general expressions for diagnosis methods
• unify diagnosis methods into single expressions
• analyze and compare the diagnosability of the unified methods
PCA Model
Measurement: x ∈ n Data Matrix:
Fault diagnosis methods

Complete Decomposition Contributions
Decompose the index as summation of variable contributions. They are widely used in industry. 
ξ T i Mx Angle-Based Contributions
Measure the cosine of the angle between a measurement and a variable directionξ
It's a scaled version of RBC. RBC would be used.
Unified Diagnosis Methods
General Decompositive Contributions
Special Cases:
Reconstruction-Based Contributions
Analysis of Diagnosability
Simple fault Fault in sensor j with large magnitude. x = ξ j f Notation • is similar to univariate monitoring
General Decompositive Contributions
GDC Index i = ⎧ ⎪ ⎪ ⎪ ⎨ ⎪ ⎪ ⎪ ⎩ M 1−β ij M β ij f 2 for i = j M 1−β jj M β jj f 2 for i = j
Simulation
The objective is to compare the rate of correct diagnosis for medium size faults given by the diagnosis methods. 
Data
• t 1 , t 2 and t 3 are random variables with std of 1, 0.8 and 0.6
• The noise is gaussian zero-mean with std of 0.2
• 3000 samples used to build the model
• Faults are of the form:
• f is uniformly random between 0 and 5
• ξ i is uniformly random out of the six possible variable directions
• 2000 faults are simulated
• 3 PC are used to build the PCA model
Simulation Results
Rates of correct diagnosis when faults are detected with the combined index ϕ. When faults are detected with the SP E or T 2 indices, we obtain very similar results.
Conclusions and Acknowledgements
The different diagnosis methods presented here can be clasified in three general types: Decompositive contributions, Reconstruction-based contributions and Diagonal contributions. The diagnosis method mostly used in industry, Complete Decomposition contributions, DO NOT guarantee correct diagnosis for simple faults, while other methods like RBC, Diagonal and Partial Decomposition contributions DO guarantee correct diagnosis for simple faults. For medium size sensor faults, different diagnosis methods perform better for different indices; but, in general RBC, using the ϕ index, has the largest rates of correct diagnosis.
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